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PREFACE 


Shared-ride  taxi  (SRT)  service  refers  to  the  sharing  of  the 
same  taxi  by  two  or  more  passengers  with  different  origins  and/or 
destinations.  The  taxi  makes  small  detours  from  the  most  direct 
route  to  pick  up  or  deliver  passengers  (or  parcels)  going  in  the 
same  general  direction.  By  these  means,  SRT  is  potentially  more 
efficient  than  the  normal  exclus ive - ride  taxi  (ERT) . SRT  offers 
potentially  improved  profitability,  lower  fuel  consumption,  feeder 
service  to  other  mass  transit  services,  and  options  for  community- 
level  and  special - needs  door-to-door  transit. 
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INTRODUCTION 


The  major  objective  of  this  study  is  to  develop  the 
system  requirements  and  perform  a functional  design  of  the 
computer  control  system  (CCS)  for  an  automated  shared-ride 
taxi  (SRT)  system.  A SRT  operation  using  a CCS  offers  a 
potential  for  increased  taxi  dispatching  efficiency,  im- 
proved driver  productivity  and  profitability,  improved 
quality  of  service,  integration  of  taxis  into  area-wide 
transit,  and  improved  mobility  for  the  transportation 
disadvantaged . 
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2. 


ROLE  OF  SHARED-RIDE  TAXIS 


The  SRT  concept  offers  a meaningful  extra  dimension  to 
conventional  exclusive-ride  taxi  (ERT)  service;  it  enables 
two  or  more  passengers  going  in  the  same  general  direction 
to  share  transportation  even  though  they  are  picked  up  from 
and  delivered  to  separate  places.  SRT  accomplishes  this  by 
making  small  detours  from  the  general  direction  of  the  taxi 
in  order  to  pick  up  and  deliver  passengers  (or  parcels) , 
thereby  transporting  many  more  passengers  per  mile  and  per 
hour  than  can  be  transported  by  ERT.  In  El  Cajon,  California, 
for  example,  an  increase  in  passengers  carried  per  taxi- 
hour  from  2.6  in  ERT  service  to  6.5  in  SRT  service  was 
reported  (private  communication,  W.  Hilton,  President,  San 
Diego  Yellow  Cab,  May  1977).  (Subsidized  fares  partly 
caused  the  increase  in  demand,  but  El  Cajon  illustrates  the 
increased  productivity  of  SRT.)  Detailed  surveys  of  SRT 
operations  have  shown  productivities  of  4.1  passengers  per 
taxi-hour  (Davenport,  Iowa,  Davis,  F.W.,  October  1974)  and 
productivities  of  up  to  eight  passengers  per  taxi-hour  have 
been  reported  (Little  Rock,  Arkansas,  Hall,  J.,  April 
1977).  By  comparison,  the  national  average  for  ERT  produc- 
tivity is  about  three  passengers  per  taxi-hour  [according  to 
the  International  Taxicab  Association  (ITA)].  The  efficiency 
of  SRT  also  has  been  demonstrated  in  a number  of  other 
cities  such  as  Hicksville,  New  York;  Pensacola,  Florida; 
Washington,  D.C.;  and  Jacksonville,  Florida,  where  SRT  is 
an  ongoing  viable  form  of  public  transportation. 

Shared  riding  in  taxis  is  permitted  by  local  ordinance 
in  only  a few  U.  S.  cities;  elsewhere,  taxis  are  best  known 
as  providers  of  "premium  service,"  furnishing  transportation 
to  only  one  party  at  a time.  SRT  can  accomplish  all  of  the 
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ERT  functions;  i.e.,  a company  operating  mostly  SRT  can 
still  provide  exclusive  use  of  the  taxi  if  the  customer  is 
willing  to  pay  a premium  fare.  Therefore,  SRT  does  not 
eliminate  ERT  service  but  augments  it  by  adding  the  advan- 
tages of  ride-sharing  whenever  appropriate.  A sampling  of 
services  provided  by  taxi  companies  is  shown  in  Table  2-1, 
along  with  the  areas  where  SRT  should  prove  to  be  beneficial. 

Where  taxi  companies  have  initiated  SRT,  manual  dis- 
patching has  been  used,  but  service  has  been  restricted 
because  of  the  inability  of  dispatchers  to  handle  multiple 
requests  and  to  schedule  vehicle  tours.  The  task  is  extremely 
difficult  for  human  dispatchers  because  of  the  complexity 
of  shared-ride  scheduling.  Operating  experience  shows  that 
an  ERT  dispatcher  can  provide  full  control  for  between  30 
and  40  vehicles  in  systems  where  telephone  requests  predom- 
inate (where  hail  and  stand  passengers  predominate,  the 
dispatcher  can,  of  course,  cover  many  more  vehicles),  and 
in  peak  periods  can  handle  150  to  200  requests  per  hour, 
but  for  manually  controlled  SRT,  20  vehicles  or  100  requests 
per  hour  is  considered  an  upper  limit  (Heathington , 1974). 
Observation  of  operating  Dial-A-Ride  (DAR)  systems  suggests 
that  the  efficiency  of  human  dispatchers  starts  to  decline 
beyond  50  requests  per  hour  — even  when  the  dispatchers 
are  very  efficient  and  use  visual  aids,  such  as  maps  and 
colored  magnetic  markers  (Fielding,  1976,  p.  49).  Because 
most  taxi  companies  have  demand  levels  above  these  limits, 
automatic  dispatching  systems  will  be  required  before 
efficient  SRT  can  be  implemented  in  most  communities. 

2.1  AREA-WIDE  DEMAND-RESPONSIVE  TRANSIT  ( AWDRT) 

AWDRT  is  concerned  with  the  following: 
a.  Developing  conventional  transit  and  paratransit 
(which  includes  SRT)  systems  into  integrated  area-wide 
systems . 
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SERVICES  PRESENTLY  PROVIDED  BY  TAXICAB  OPERATORS  AND 
CORRESPONDING  SHARED-RIDE  TAXI  POTENTIAL 
(SIZE  OF  SAMPLE  = 667  OPERATORS) 1 


4 


SOURCE:  After:  Wells  and  ITA,  1975 , p.  3-1. 

'Based  on  a questionnaire  mailed  to  6,467  active  operators  in  Fall,  1974.  There  were  667  usable  responses 
to  the  question  on  services  provided  --  a 10.3  percent  response,  which  the  authors  of  the  study  con- 
sidered to  be  a representative  sample. 


b.  Attracting  new  riders,  while  being  responsive  to 
existing  needs. 

c.  Maximizing  the  productivity  of  all  transit  elements. 

d.  Providing  transit  availability  to  all  segments  of 
the  urban  population  and  especially  the  transportation 
disadvantaged . 

To  achieve  these  objectives,  innovations  are  needed  to 
integrate  the  best  of  conventional  transit  with  demand- 
responsive  paratransit.  For  example,  AWDRT  might  consist 
of  bus  transit  reconfigured  to  improve  service  along  arterial 
corridors,  with  SRT  service  expanded  to  provide  effective 
coverage  in  the  suburbs  and  to  feed  into  the  bus  system 
(Figure  2-1) . 

Several  region-wide  systems  have  been  planned  for 
California  and  elsewhere,  but  none  of  these  systems  are 
more  than  partially  implemented.  However,  optimism  exists 
that  there  is  now  within  the  taxi  and  transit  industries  a 
climate  of  opinion  which  will  allow  them  to  act  cooperatively. 
In  most  cases,  transit  properties  cannot  afford  to  operate 
the  community- level  demand-responsive  service  desired  by 
suburban  residents  other  than,  possibly,  service  for  the 
special  needs  of  the  elderly  and  the  handicapped.  Taxi 
companies  provide  demand-responsive  service  at  a lower  cost 
but  cannot  fulfill  all  the  community- level  needs  without 
Governmental  assistance  to  keep  fares  within  reach  of 
target  populations.  Moreover,  Governmental  agencies  — 
local,  State,  and  Federal  — are  starting  to  indicate  a 
willingness  to  change  regulations  and  ordinances  which  will 
allow  taxis  to  provide  shared-ride  mass  transportation. 

2.2  DEVELOPMENT  OF  CONCEPT 

SRT  can  be  used  innovatively  to  provide  a range  of 
public  transportation  services  designed  to  meet  the  specific 
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FIGURE  2-1.  EVOLUTION  OF  AREA-WIDE  DEMAND-RESPONSIVE  TRANSIT.  Shows 
evolution  from  the  typical  fixed-route  systems  today  (see  "a"  above) 
into  an  integrated  demand-responsive  system  (b) . Smaller,  manually 
controlled  SRT  areas,  each  with  about  70,000  people,  are  combined  to 
form  computer-controlled  modules  for  areas  with  populations  of  about 
200,000.  Fixed-route  transit  routes  are  expanded  and  integrated  with 
SRT  and  suburban  park-n-ride  terminals  to  provide  a mix  of  modes 
operating  cooperatively. 
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needs  of  various  segments  of  the  population.  For  example, 

SRT  can  be  developed  to: 

a.  Provide  the  sole  means  of  public  transportation  in 
small  urban  areas. 

b.  Meet  the  special  needs  of  the  elderly,  the  handi- 
capped, and  those  who  cannot  drive  or  have  no  access  to  a 
private  car. 

c.  Supplement  mass  transit  along  major  transit  corri- 
dors in  the  peak  hours  and  provide  a substitute  for  buses 
during  low-demand  hours. 

d.  Increase  ridership  of  mass  transit  systems  by 
providing  feeder  service  in  low-density  residential  areas 
and  convenient  circulation  within  the  central  business 
district  (CBD) . 

Development  of  these  SRT  concepts  presents  significant 
challenges  to  the  taxi  industry,  which  has  not  generally 
kept  up  with  technology.  As  discussed  above,  computers 
will  be  needed  to  control  and  dispatch  SRT  fleets  in  all 
but  the  smallest  operations.  Since  existing  vehicles  used 
by  taxi  operators  are  designed  primarily  for  private  use, 
there  also  will  be  a need  to  develop  more  suitable  paratransit 
vehicles . 

2.3  DEMAND  FOR  SHARED-RIDE  TAXI  SERVICE 

There  is  considerable  demand  for  the  service  that  can 
be  provided  by  SRT.  Table  2-2  shows  that,  based  on  such 
factors  as  moderate  (i.e.,  one  percent  compound  annual 
rate)  population  increases;  extrapolation  of  geographic, 
age,  and  other  changing  demographic  characteristics  of  the 
population;  and  some  non-extreme  readjustments  in  our 
future  "automobilized"  society,  particularly  where  fuel 
consumption,  air  pollution,  or  vehicular  congestion  are 
most  acute;  it  is  estimated  that  10  billion  person-trips 
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TABLE  2-2 


ESTIMATED  ANNUAL  PERSON  TRIPS  AT  DIFFERENT  TIME  PERIODS 
BY  MAJOR  MODE  OF  TRANSPORTATION1 


Type  of  Vehicle 

1970  - 

197  5 2 

1980  - 

1985 

1990 

1995 

Annual 

Person  Trips 

Percent  of 
Total  Trips 

Annual 

Person  Trips 

Percent  of 
Total  Trips 

Annual 

Person  Trips 

Percent  of 
Total  Trips 

(millions) 

(millions) 

(millions) 

PRIVATE  TRANSPORTATION 

131,937 

88.7 

180,191 

87.5 

199, 96112 

84.7 

Auto3 

123,519 

83.0 

Truck4 

8,128 

5.5 

Motorcycle 

290 

0.2 

PUBLIC  TRANSPORTATION 

16,387 

11.0 

22,518 

10.9 

31,211 

13.2 

Taxicab  (ERT) 

3,375’ 

2.3 

3,295 

1.6 

1,889*  3 

0.8 

(SRT) 

34 

3,501“ 

1.7 

9 , 915 1 4 

4.2 

School  Bus5 

7,112 

4.3 

6,043 

2.9 

6,424 

2.7 

Transit  (bus  and  rail) 

5 , 866 1 0 

3.9 

9,679 

4.7 

12,985*  5 

5.5 

OTHER 

436 

0.3 

3,224 

1.6 

4,907 

2.1 

TOTAL  ANNUAL  TRIPS6 

148,760 

100.0 

205,933 

100.0 

236,081 

100.0 

Population  (over  5 years)7 

188 

217 

231 

Annual  Trips  Per  Person9 

791 

949 

1,022 

1 Estimates  for  1980-85  and  1990-95  are  tentative  (±20  percent)  and  based  upon  estima.ud  changes  in  personal  consumption,  per  capita 
income  and  transportation.  A policy  of  moderate  auto  disincentives  is  assumed:  current  increases  in  fuel  prices  will  continue, 
parking  charges  will  increase,  and  auto  travel  along  congested  corridors  and  in  central  cities  will  be  "managed,"  leading  to  a 10- 
15  percent  reduction  in  auto  use  and  increased  viability  for  higher-occupancy  vehicles. 

2U.S.  DOT/FHWA,  Nationwide  Personal  Transportation  Study,  1973,  p.31  is  the  source  for  1970-75  and  the  future  projections  adjusted 
by  more  reliable  information  as  noted. 

3Car-pool  and  van-pool  trips  included.  Anticipated  to  be  5 percent  in  1980-90  (Voorhees,  1976b,  p.  103). 

4 Trips  in  commercial  goods-delivery  vehicles  excluded. 

s Estimate  based  upon  135  annual  school  trips  per  child  5-17  years  (N.P.T.  Study,  1973,  p.  31  and  Statistical  Abstract  of  the  U.S., 
1975,  p.  6,  Series  II  projections.)  School  age  population  is  declining. 

b Totals  are  considerably  less  than  forecast  in  1972  National  Transportation  Report ,( 1972 ) . Scenario  includes  moderate  auto 
restraints  and  fewer  daily  person  trips:  2.2  (1970),  2.3  (1975),  2.6  (1985),  2.9  (1995)  (Voorhees,  1976b,  pp.  22-30).  National 
Transportation  Report,  1972  (before  the  petroleum  embargo)  forecast  3.3  (1971)  and  4.2  (1989)  daily  person  trips. 

Statistical  Abstract  of  the  U.S.,  1975,  p.6.  Series  II  projections. 

0 Increased  female  labor  force  participation,  higher  per  capita  incomes,  more  leisure  time  all  induce  more  trip  making  (U.  S.  DOT, 
National  Transportation  Trends  and  Choices , 1977,  p.46. 

9 Considerable  variation  between  sources:  N.P.T.  Study  (1970)  436  million  underestimated  total  because  one-half  to  two-thirds  are 
non-home  based  in  larger  citites.  ITA  (1970)  2,378  million  (Taxicab  Management,  Aug.  1973,  p.5);  ITA  (1973)  3,409  million  (Wells, 
1975,  p.  2-1)  which  is  the  most  reliable  and  is  divided  between  ERT  and  SRT. 

1 0 Total  passenger  trips:  APTA,  Transit  Factbook : 1975-76,  p.32,  reports:  (1970)  7,332  million;  (1975)  6,950  million.  These  include 
transfer  passengers  — normally  about  20  percent  of  total. 

1 1 Expansion  of  SRT  under  contract  to  local  agencies  anticipated  as  federal  and  state  subsidies  become  available. 

1 2 Paraprivate  transportation  including  electric  vehicles  for  neighborhood  travel.  Bicycle  travel  also  increases. 

1 3 Lower  productivity  and  increasing  cost  for  ERT  causes  decline  when  SRT  is  available.  Evidence  varies  depending  on  SRT  fare,  but 
adverse  impact  anticipated. 

14  Voorhees,  1976b,  p.  101,  estimates  25  billion  trips  by  transit  and  paratransit  using  paid  drivers  by  1995.  Sum  of  ERT,  SRT, 
and  transit  is  24.8  billion. 

15  Doubling  parking  charges  and  halving  transit  fares  would  increase  the  transit  trips  in  1990  by  24  percent  in  the  peak  hour  and  19 
percent  daily  (U.S.  DOT,  National  Transportation  Report,  1974,  p.  209). 


three 


will  be  made  annually  by  SRT  in  the  1990's  — i.e., 
times  the  number  of  ERT  passenger  trips  presently  being  car- 
ried. The  estimated  increase  in  SRT  ridership  is  made  up 
partly  at  the  expense  of  diversion  from  ERT  (declining  at  a 
compound  annual  rate  of  2.9  percent)  and  partly  from  a growth 
in  overall  taxi  ridership  (increasing  at  a compound  annual  rate 
of  6.4  percent).  This  is  consistent  with,  but  generally  more 
conservative  (i.e.,  lower  SRT  demand  rates  are  used  in  this 
study)  than,  a number  of  recent  paratransit  studies  — e.g., 
Voorhees  (1976)  Study  of  Future  Paratransit  Requirements ; 
Billheimer  (1976)  Deployment  Scenarios  for  Integrated  Regional 
Transportation  Networks  and  Ward  (1975)  An  Approach  to  Region- 
Wide  Urban  Transportation . 

2.4  SCENARIOS 

Four  scenarios  have  been  developed  to  provide  represen- 
tative contexts  from  which  CCS  requirements  can  be  defined. 

Over  forty  factors,  such  as  population  density,  quality  of 
service,  terrain,  regulations,  fare  structure,  etc.,  were 
analyzed  to  define  scenario  features  relevant  to  CCS  require- 
ments . 

Seven  factors  were  identified  as  being  of  key  importance. 
They  are  shown  in  Table  2-3  in  two  groups.  Group  I identifies 
the  characteristics  which  generally  hold  true  for  all  sce- 
narios. Group  II  identifies  three  major  distinguishing  cri- 
teria which  define  the  four  scenarios.  The  way  in  which  the 
three  criteria  classify  the  four  separate  scenarios  and  cor- 
respond to  three  prototypical  service  areas  is  shown  schemat- 
ically in  Figure  2-2. 

2.4.1  Scenario  I 

The  CCS  accommodates  up  to  250  requests  per  hour  corres- 
ponding to  a fleet  of  about  50  shared-ride  taxis.  [Note  that 
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KEY  FACTORS  DEFINING  SCENARIOS 
RELEVANT  TO  COMPUTER  CONTROL  SYSTEM  REQUIREMENTS 
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FIGURE  2-2.  SCHEMATIC  OF  FACTORS  DISTINGUISHING  SCENARIOS 
AND  CORRESPONDING  PROTOTYPICAL  SERVICE  AREAS 


analysis  shows  a fleet  of  50  SRTs  has  equivalent  passenger- 
carrying capability  to  a fleet  of  about  100  ERTs  (McLeod, 

M.  G. , 1972,  p.  110).]  Drivers  are  employees  of  the  company 
and  subject  to  normal  employee  discipline.  All  normal 
requests  are  made  by  telephone.  Drivers  must  get  authoriza- 
tion from  control  before  accepting  any  stand  or  hail  passen- 
gers. The  computer  displays  the  fare  for  all  trips  and 
keeps  a tally.  Prototypical  areas  for  Scenario  I (Figure  2-lb) 
are  medium-sized  cities  and  suburban  areas  with  populations 
between  90,000  and  500,000. 

2.4.2.  Scenario  II 

The  capacity,  fleet  size,  and  prototypical  service 
area  are  similar  to  Scenario  I.  Drivers,  however,  lease 
their  taxis  from  the  company  or  own  their  own  taxis.  As 
independent  contractors,  they  are  not  subject  to  the  same 
degree  of  control  as  employees,  and  can  accept  hail  and 
stand  passengers  without  prior  authorization  from  control. 

(This  presents  complexities  for  automated  scheduling  which 
appear  to  dictate  the  use  of  a computer-aided  graphics 
technique  until  suitable  automatic  algorithms  are  available.) 
Zonal  fare  methods  can  be  used  without  risk  of  theft  (since 
drivers  keep  all  revenues)  and  also  permit  normal  fare 
collection  in  the  event  of  computer  malfunction. 

2.4.3  Scenario  III 

The  CCS  need  accommodate  only  up  to  50  requests  per 
hour  or  a fleet  of  about  10  taxis.  This  is  within  manual 
control  capabilities,  but  an  inexpensive  computer  system 
might  improve  dispatcher,  driver  and  overall  productivity. 

It  would  also  handle  routine  record-keeping,  reporting,  and 
business  functions.  Control  should  be  via  computer-aided 
graphics  due  to  the  high  frequency  of  perturbations  experi- 
enced in  the  control  of  small  operations.  Drivers  in  small 
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operations  are  usually  employees,  but  independent  contractors 
are  also  feasible  because  almost  all  requests  will  be  by 
telephone.  Prototypical  service  areas  are  cities  with 
populations  between  18,000  and  90,000. 

2.4.4.  Scenario  IV 

An  inexpensive  CCS  will  start  to  reach  saturation  at 
about  250  requests  per  hour;  above  this  throughput,  a more 
powerful  computer  or  multiple  computers  will  be  needed. 

The  number  of  combinations  of  configurations  and  capacities 
in  which  the  taxi  companies  may  want  these  larger  systems 
defies  development  of  a generic  CCS.  The  exception  to  this 
is  the  case  in  which  the  service  area  is  divided  into 
several  regions,  each  one  of  which  is  equivalent  to  Scenarios  I 
or  II  (Figure  2-2b) . Prototypical  service  areas  for  Scen- 
ario IV  are  cities  with  populations  exceeding  500,000. 

2.4.5  Scenario  Selection 

Analysis  has  shown  no  serious  reason  why  a generic  CCS 
cannot  accommodate  Scenarios  I,  II  and  III.  Each  scenario 
would  require  a different  set  of  options,  all  of  which  must 
be  incorporated  in  the  generic  system.  The  requirements 
for  functions,  configurations,  and  operations  defined  in 
the  next  section  encompass  such  a generic  system. 

It  is  recommended  that  a target  scenario  should  be 
selected  for  a demonstration.  Scenario  III  is  too  small 
for  a significant  demonstration  (though  a system  at  the 
upper  end  of  the  Scenario  III  range  might  be  adequate  for  a 
test  of  a prototype  CCS) , while  Scenario  I does  not  properly 
demonstrate  the  features  that  make  SRT  different  from  DAR. 

Thus,  an  initial  CCS  should  be  oriented  toward  Scenario  II 
with  provisions  incorporated  for  extension  to  Scenario  I 
and  downward  compatibility  to  Scenario  III. 
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3.  PRELIMINARY  STATEMENT  OF  SYSTEM  REQUIREMENTS 


The  preliminary  system  requirements  presented  in  this 
section  are  the  results  of  analyses  conducted  to  date.  They 
include  functional,  hardware,  and  operational  requirements. 
Analyses  of  personnel  requirements  have  not  yet  reached  the 
point  where  they  can  be  reported. 

3.1  FUNCTIONAL  REQUIREMENTS 

Current  on-line/real-time  system-design  practices 
dictate  the  use  of  a top-down  structured  approach  to  specify 
the  functional  requirements  as  a necessary  preliminary  to 
later  effective  design  of  structured  programs.  IBM's  HIPO 
(Hierarchy,  plus  .Input,  Process,  Output)  documentation 
method  was  selected  because  it  has  the  necessary  top-down 
structure,  is  widely  used  and  clearly  documented  (e.g., 
Katzan,  1976) , does  not  constrain  software  implementation 
alternatives,  and  can  be  easily  understood  by  management  and 
operations  personnel  as  well  as  by  the  technical  staff. 

The  hierarchy  of  functions  required  for  a comprehensive 
SRT-CCS  is  shown  in  Figure  3-1;  the  functions  are  described 
in  Table  3-1.  This  particular  decomposition  of  the  system 
was  chosen  so  that,  to  the  degree  possible,  each  function 
stands  alone,  and  can  be  changed  without  a cascading  effect 
throughout  the  system.  This  stand-alone  capability  is  made 
possible  in  general  by  selecting  functional  boundaries  which 
permit  communication  between  functions  via  the  data  bases. 
Also,  where  feasible,  UMTA ' s DAR  functional  organization  was 
incorporated  to  take  advantage  of  existing  designs  and 
documentation . 

Some  of  the  functions  required  for  a comprehensive  CCS 
are  not  required  for  an  initial  demonstration;  their  incor- 
poration would  make  the  system  more  complex  and  thereby 
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FIGURE  3-1.  TOP-LEVEL  FUNCTIONAL  BREAKDOWN  AND  EXAMPLE 
OF  FUNCTIONAL  HIERARCHY  TO  FIFTH  LEVEL 
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*The  Rochester  and  Haddonfield  DAR  functional  descriptions  are  presented 
in  Brandon,  July  1976;  Luckard,  November  1974;  MITRE  NTIS  PB  245  569, 
November  1974;  Rebibo,  March  1974;  First  Data  Corporation,  Operator's 
Handbook,  September  1975;  U.  S.  Department  of  Transportation,  Haddonfield 
DAR  Operator's  Handbook,  October  1974. 


increase  the  cost  and  reduce  the  probability  of  meeting 
objectives.  Stubs  to  return  messages  from  unimplemented 
functions  should  be  introduced  in  the  software  so  that 
omitted  features  can  be  added  later. 

3.2  CONFIGURATION  REQUIREMENTS 

A schematic  of  a comprehensive  CCS  configuration  is 
shown  in  Figure  3-2.  This  would  be  suitable  for  larger 
operations  such  as  Scenarios  I and  II.  For  smaller  systems, 
such  as  Scenario  III,  various  parts  of  the  configuration  can 
be  omitted  as  shown  by  the  asterisks. 

The  "basic"  configuration  is  typical  of  current  on- 
line/real-time interactive  systems  engineering  practice, 
except  for  the  unique  SRT  features  — i.e.,  digital  communi- 
cations, graphics,  automatic  vehicle  location  (AVL) , and 
auto  callback.  The  equipment  required  for  the  basic  configu- 
ration is  readily  available  from  a range  of  manufacturers 
and  can  be  purchased  competitively  and  at  relatively  low 
cost.  A preliminary  cost  analysis  shows,  for  example,  that 
a production  CCS  capable  of  accommodating  over  1,000  passen- 
gers per  day  and  over  25  taxis  should  cost  under  $150,000 
(1977  dollars)  for  all  hardware  including  digital  communica- 
tions (but  assuming  the  radio  system  already  exists)  which, 
assuming  a five-year  life  and  current  interest  rates,  corres- 
ponds to  between  IOC  and  15<?  per  passenger.  For  larger 
systems,  economies  of  scale  should  result  in  even  lower  CCS 
costs  per  passenger. 

3.2.1  Minicomputer  Main  Frame 

A minicomputer-based  system  is  appropriate  for  low 
cost,  availability,  and  multiplicity  of  suppliers  while 
still  adequate  for  computing  speed  and  power.  It  is  expected 
that  detail  design  will  show  that  it  must  be  a multiprogram- 
mable  machine  with  powerful  operating  and  disc  file-management 
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FIGURE  3-2.  SCHEMATIC  OF  CONFIGURATION  FOR  COMPREHENSIVE 
SHARED-RIDE  TAXI  COMPUTER  CONTROL  SYSTEM 


systems  in  order  to  handle  the  throughput  and  keep  terminal 
response  time  to  a few  seconds. 

The  computer  system  (hardware  and  software)  should  be 
oriented  toward  both  on-line  and  real-time  capabilities. 

For  example,  it  should  be  expandable  to  16  terminals;  have 
multilevel  hardware  interrupt  with  operating  system  (OS) 
support;  hardware  and  software  priority  task  assignments;  a 
real-time  clock  with  OS  support;  I/O  queuing;  file  security, 
terminal  security,  and  record  lockout;  memory  parity  check; 
auto-restart;  and  hardware  bootstrap.  The  OS  should  support 
multiple  terminal  operation,  communication  devices,  spool- 
ing, task-swapping,  and  use  of  the  interrupt  structure;  the 
file  management  system  (FMS)  must  support  data  structures 
which  are  consistent  with  SRT  performance.  Error  logging 
and  system  exercisers  are  desirable  features.  To  take 
advantage  of  existing  DAR  programs  written  in  FORTRAN,  a 
multi-pass  optimizing  FORTRAN  compiler  should  be  available. 

It  should  have  a re-entrant  library,  load  and  execute, 
object  programs  as  real-time  tasks,  and  have  multiprogram- 
ming/multitasking capability. 

Main  memory  should  be  expandable  to  at  least  128,000 
bytes  to  accommodate  the  resident  OS,  active  tasks,  tours, 
vehicle  data,  etc. , with  multiple  partitions.  Extended 
memory  to  256,000  bytes  is  a desirable  feature,  since  each 
incremental  taxi  will  require  additional  main  memory  to 
accommodate  core-resident  tour  lists  and  vehicle  data. 

3.2.2  Terminals 

Terminals  for  smaller  systems  (e.g..  Scenario  III) 
should,  at  a minimum,  be  buffered,  while  in  larger  systems 
(e.g.,  Scenarios  I and  II),  some  degree  of  intelligence 
will  be  desirable  to  the  degree  permitted  by  reusability 
constraints.  Intelligent  terminals  will  permit  a substantial 
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portion  of  the  I/O  processing  to  be  done  cost-effectively 
outside  the  CPU.  The  rapidly  declining  cost  and  increasing 
power  of  microcomputers  in  the  intelligent  terminals  makes 
them  attractive  now,  and  these  trends  will  make  them  even 
more  attractive  in  the  future. 

Data  input  format  should  be  designed  for  rapid  data 
entry  without  excessive  CPU  processing  of  the  input.  A 
free-form  entry  should  be  applied,  such  as  a Primary  Action 
Code  (PAC) , which  is  used  in  the  Rochester  and  Haddonfield 
DAR  systems,  the  Los  Angeles  Yellow  Cab  system,  and  by  all 
of  the  airlines  via  IBM's  Programmed  Airlines  Reservation 
System  (PARS) . A form  entry  such  as  the  one  used  in  the 
Ann  Arbor  DAR,  Santa  Clara  DAR,  and  many  on-line  business 
systems  is  also  acceptable  since  it  is  only  slightly  slower 
than  the  PAC  method  and  has  the  benefit  of  being  easier  and 
more  accurate  for  an  inexperienced  operator  to  use. 

3.2.3  Graphics  Terminal 

It  appears  that  no  set  of  automatic  algorithms  will  be 
available  in  the  near  future  to  accommodate  all  SRT  require- 
ments. The  MIT  algorithms  are  the  only  ones  currently 
available  which  have  been  proven  effective  for  automatic 
scheduling.  Based  on  preliminary  cost  effectivity  analyses, 
the  required  processing  capacity  and  time  associated  with 
these  algorithms  may  exceed  that  which  can  be  afforded  for 
the  SRT  application.  Further,  these  algorithms  do  not  as 
yet  encompass  all  types  of  SRT  requirements  (for  example, 
they  do  not  automatically  handle  preplanned  periodic  tours, 
taxi  fleet  management,  or  starter  tours  for  new  taxis 
entering  service  without  prior  notification) . Consequently, 
to  insure  that  the  SRT-CCS  will  operate  properly,  an  alter- 
native human  scheduling  capability  should  be  incorporated 
which  will  perform  all  of  the  required  decisions  for 
smaller  SRT  systems,  and  which  can  be  replaced  by  automatic 
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algorithms  as  they  become  available.  This  approach  effec- 
tively "decouples"  the  success  of  a SRT-CCS  from  being 
contingent  on  the  success  of  development  of  a full  range  of 
automated  scheduling  algorithms. 

Manual  scheduling  systems  work  well  but  have  limited 
capacity;  they  currently  handle  demand  levels  of  80  many- 
to-many  requests  per  hour,  and  have  reached  peaks  of  around 
150  to  200  requests  per  hour  in  mixed-mode  (i.e.,  combined 
many-to-many  and  many-to-one)  of  operation.  This  manual 
process  could  be  duplicated  and  improved  by  the  use  of  a 
computer-aided  graphics  terminal.  The  computer  would  keep 
track  of  the  bookkeeping,  which  is  done  in  manual  systems 
by  the  scheduler  moving  pieces  on  and  off  a map.  Graphics 
terminals  will  have  significantly  greater  throughput  than  a 
manual  control  system  not  only  because  of  the  increased 
time  available  for  decision-making  and  the  greater  potential 
for  concentration  (since  the  computer  takes  care  of  overhead 
actions) , but  also  because  several  terminals  can  be  operated 
concurrently.  The  graphics  terminal  operator  would  select 
a section  of  the  total  service  area  or  only  those  trips 
which  pass  a simple  screening  test.  This  will  avoid  exces- 
sive clutter  on  the  graphics  display. 

Manual  control  systems  have  been  found  to  produce 
efficient  routing,  but  the  scheduling  (i.e.,  timing  of 
pickups  and  deliveries)  tends  to  be  poor.  The  graphics 
terminal  is  required  to  display  timing  data  at  each  stop  to 
permit  more  accurate  consideration  of  the  timing  than  is 
currently  possible  with  manual  control. 

3.2.4  Disc 

A moving-head  disc  should  be  selected  because  it  is  an 
order  of  magnitude  lower  in  per-bit  cost  than  a fixed-head 
disc  for  the  same  amount  of  memory.  For  satisfactory  termi- 
nal response  time,  the  moving-head  disc's  access  time  of 
about  50  milliseconds  is  only  satisfactory  if  the  number  of 
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disc  accesses  is  carefully  controlled  --  otherwise,  a 
fixed-head  disc  with  access  time  under  15  milliseconds  will 
be  needed.  Preliminary  calculations  indicate  that  a moving- 
head  disc  will  be  able  to  handle  a throughput  of  up  to  250 
peak-hour  requests  and  50  taxicabs. 

It  is  estimated  that  1.5  to  2 million  bytes  of  disc 
memory  is  adequate  for  an  area  of  about  20  square  miles. 

For  larger  or  smaller  areas  a factor  of  up  to  50,000  bytes 
per  square  mile  should  be  allowed. 

The  disc  file-management  system  should  be  able  to 
build  and  maintain  the  street  address  file  in  real-time, 
though  a periodic  reordering  of  the  street  address  file  to 
incorporate  appended  items  will  be  acceptable.  The  search 
for  an  address  should  involve  no  more  than  three  disc 
accesses . 

3.2.5  Digital  Communications 

Digital  communications  will  be  desirable  and  cost- 
effective  in  all  but  the  smallest  operations.  Voice  com- 
munications in  shared-ride  operations  are  limited  to  about 
150  requests  per  hour  (i.e.,  about  30  taxis  in  operation) 
per  channel.  Digital  communications  have  a capacity  of 
about  twice  that  of  voice  communications  for  the  older 
radio  equipment  used  in  many  taxi  operations,  and  up  to 
four  times  the  voice  capacity  using  the  latest  radio  equip- 
ment designed  for  digital  communications. 

Mobile  digital  communications  units  are  required  to  be 
compact  in  order  to  fit  into  existing  taxis  without  major 
modification  of  the  vehicle  — full  keyboards  and  large 
displays  are  not  essential.  There  must,  however,  be  the 
ability  to  display  about  four  lines  of  instructions  (or  to 
roll  over  a single-line  display)  so  that  the  driver  can 
select  best  routes  and  can  proceed  in  an  area  of  radio 
blackout. 
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It  should  be  noted  that  the  cost  of  the  CCS  hardware 
is  roughly  equivalent  to  the  cost  of  the  voice  radio  system, 
while  the  incremental  additional  cost  of  digital  communi- 
cations is  greater  than  the  cost  of  the  CCS.  Thus,  from  a 
cost  viewpoint,  the  design  of  the  digital  communications 
system  is  of  paramount  importance. 

3.2.6  Bottlenecks 

The  upper  limits  of  the  configuration  shown  in  Figure  3-2 
are  determined  by  both  compute  and  disc  bounds.  Using  the 
results  of  tests  by  TSC  on  an  earlier  version  of  the 
Rochester/MIT  algorithms,  average  terminal  response  time 
for  trip  bookings  would  be  on  the  order  of  five  seconds  — 

1.5  seconds  for  disc  access  and  3 seconds  for  compute  time. 
This  is  beyond  the  upper  limit  of  acceptability  for  an 
order-taking  system  based  on  current  on-line  system  tech- 
nology (Martin,  1973,  p.  327)  where  normal  designs  consis- 
tently achieve  response  times  under  two  seconds.  However, 
it  is  understood  (Colven  and  Harper,  March  1977)  that 
significant  improvements  (on  the  order  of  a factor  of  four) 
have  already  been  made  by  MIT  to  the  CPU  time  needed  in  the 
Rochester  system.  This  was  accomplished  by  improving  the 
terminal  polling  procedure  and  by  pruning  delivery  insertion 
searches  whenever  the  pickup  insertion  caused  a worse 
objective  function  value  than  some  preceding  trial.  A 
similar  reduction  in  CPU  time  was  also  found  in  a simulation 
at  the  University  of  California  at  Irvine  using  the  improved 
Rochester  DAR  programs. 

Based  on  these  improvements,  terminal  response  time 
for  a booking  at  a throughput  of  250  requests  per  hour 
should  average  no  longer  than  2.5  seconds;  no  more  than  5 
percent  of  new  transactions  should  require  longer  than  5 
seconds,  and  no  more  than  5 percent  of  ongoing  transactions 
should  require  longer  than  5 seconds. 
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3.2.7  CCS  Reliability 

Reliability  targets  of  99.5  percent  availability  from 
5 a.m.  through  2 a.m.  every  day  and  no  more  than  two  fail- 
ures exceeding  four  hours  each  year  appear  to  be  realistic 
expectations,  based  on  experience  with  dedicated  dispatch 
and  control  systems  --  specifically  Santa  Clara  (Siersema, 
March  1977),  Ann  Arbor  (Potter,  March  1977)  and  Los  Angeles 
Yellow  Cab  (Davidson,  March  1977). 

The  system  should  have  a semiautomatic  warm-start 
capability  requiring  less  than  one  minute  to  implement  — 
this  was  found  to  be  especially  valuable  in  the  Santa  Clara 
system.  Any  loss  of  records  must  be  identified. 

In  the  event  of  a computer  failure,  the  reversion  to 
manual  control  should  be  smooth  and  not  apparent  to  the 
customers.  All  current,  deferred,  and  periodic  bookings 
previously  accepted  by  the  CCS  must  be  dispatched  without 
loss  of  quality  of  service.  Experience  in  Haddonfield  and 
Rochester  DAR  programs  demonstrated  that  reversion  can  be 
accomplished  in  under  two  minutes  after  it  has  been  deter- 
mined that  the  computer  cannot  be  restarted.  A similar 
two-minute  maximum  reversion  time  (following  the  decision 
to  revert  to  manual)  is  required  for  SRT. 

3.2.8  Backup 

The  CCS  configuration  identified  here  should  prove  to 
be  highly  reliable  except  for  the  electromechanical  items  - 
the  printer  and,  to  a lesser  degree,  the  moving-head  disc. 
Where  the  SRT  company  is  confident  that  the  staff  can 
revert  to  manual  control,  no  backup  is  needed  — this  is 
expected  to  be  for  systems  with  under  25  taxis.  Some  taxi 
companies  have  expressed  confidence  (ITA  Orlando  Conference 
January  1977)  that  more  than  25  shared-ride  taxis  can  be 
controlled  manually,  but  even  if  this  is  feasible,  there 
will  be  a more  significant  decline  in  productivity  and 
reliability  of  service. 
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For  larger  systems,  backup  for  the  disc  and  line 
printer  will  be  necessary.  The  disc  backup  should  contain 
duplicate  files  (i.e.,  all  writes  from  the  computer  should 
be  dual  and  a higher-speed  I/O  bus  will  be  needed) . Advan- 
tage can  then  be  taken  of  the  spare  disc  for  duplex  read 
capacity,  thus  extending  the  throughput  limit  for  the  whole 
system  because  the  increase  in  write  time  is  more  than 
offset  by  the  reduction  in  read  time.  In  the  event  of  a 
failure  of  one  of  the  two  discs,  the  throughput  limit  would 
degrade  gracefully  due  to  disc  access  queue  delays  resulting 
from  the  availability  of  only  one  disc. 

Line  printer  backup  should  be  a fast  teletypewriter 
(TTY)  terminal,  which  also  serves  for  supervisory  input. 

The  limited  speed  of  the  TTY  will  also  cause  a graceful 
degradation  of  system  throughput  limit  because  of  queuing 
delays  when  transactions  are  being  written  to  the  TTY. 

3.3  OPERATIONAL  REQUIREMENTS 

Certain  facets  of  SRT  operations  place  important 
requirements  on  the  CCS  which  must  be  incorporated  so  that 
the  CCS  system  generally  can  be  usable  by  the  taxi  industry. 
Also,  the  CCS  places  certain  requirements  on  the  method  of 
operation.  Key  aspects  of  both  types  of  operational  require- 
ments are  discussed  below. 

3.3.1  Fare  Calculation  Requirements 

The  three  alternative  fare-calculation  methods  for  SRT 
are  taximeter,  computer-calculated  formula,  and  zonal. 

Presently  available  taximeters  are  not  suitable  for 
SRT.  Taximeters  use  road  distance  as  a calculation  input 
parameter,  and  this  distance  will  vary  depending  on  how  far 
other  passengers  cause  the  taxi  to  detour.  Consequently, 
the  same  trip  taken  on  different  occasions  will  cost  differ- 
ent amounts.  Most  rate-setting  bodies  and  most  passengers 
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would  find  such  fare  variations  to  be  incomprehensible  and 
unacceptable  — some  limited  operating  experience  confirms 
this  opinion  even  when  the  service  was  partly  subsidized 
(RRC,  September  1975,  p.  154). 

The  computer  can  calculate  each  passenger’s  fare  using 
a formula  based  on  the  shortest  road-distance  (i.e.,  exclud- 
ing all  detours  for  other  passengers).  This  depends  on  the 
computer  being  fully  informed  about  all  passengers  which, 
in  general,  is  feasible  only  in  an  employee-driver  operation 
where  management  can  enforce  compliance  with  procedures, 
in  leased-taxi  and  driver-owner  organizations,  the  driver 
is  an  independent  contractor  and  probably  cannot  be  forced 
to  comply  without  losing  independent-contractor  status  with 
the  IRS  and  Workers'  Compensation  regulations.  Further, 
when  the  computer  is  down,  formula  fares  cannot  be  calcu- 
lated. This  is  unacceptable  for  a demonstration  where 
computer  reliability  has  not  been  proven.  However,  it  may 
be  satisfactory  later  if  very  high  reliability  can  be 
assured . 

A zonal-fare  system  avoids  the  above  problems.  The 
fares  are  shown  on  a triangular  matrix  which  can  be  printed 
on  a sheet  of  paper  as  is  done  in  Washington,  D.  C.,  and  in 
Pensacola,  Florida.  For  large  operations,  a small  book  can 
be  printed.  Since  the  driver  determines  the  correct  fare 
without  having  to  advise  control  of  the  pickup  and  does  not 
have  to  activate  a recording  meter,  the  potential  for  theft 
is  great  where  the  drivers  are  employees;  if  the  drivers 
are  owners  or  lease  the  taxis,  there  is  no  problem  since 
the  fares  belong  to  them  anyway. 

It  is  concluded  that  the  SRT-CCS  should  incorporate 
both  fare  options.  A zonal-fare  system  will  be  needed  in 
leased-taxi  and  driver-owner  situations.  For  employee- 
driver  operations  where  fares  are  turned  over  to  the  company, 
the  computer-calculated  formula  method  will  be  suitable 
provided  high  computer-reliability  has  been  proved. 
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The  fare  considerations  have  several  implications  for 
an  interzonal  factors  (IZF)  file  (i.e.,  a file  of  those 
factors  relating  to  travel  between  zones  in  the  service 
area  and  including  a distance  correction  to  the  straight- 
line  distance) . First,  the  IZF  file  must  contain  additive 
distance  corrections  so  that  the  formula-fare  calculation 
is  accurate.  Then,  to  get  the  travel-time  estimate,  a 
multiplicative  speed  factor  is  needed.  (Note:  DAR  systems 

include  only  a time-correction  factor  which  is  not  adequate 
for  SRT  purposes. ) The  zonal-fare  table  can  be  integrated 
with  the  IZF  matrix  for  data-base  economy,  provided  the  IZF 
zones  and  the  fare  zones  are  chosen  to  be  identical. 

However,  the  fare  table  can  be  stored  on  a disc  since  it  is 
only  required  once  per  trip.  To  assure  a consistent  data 
base,  the  zonal  fare  elements  should  be  computer-calculated 
from  the  distance  elements,  and  the  fare  tables  should  be 
printed  by  the  computer. 

3.3.2  Hail-Stop  Requirements 

In  many  urban  areas  a significant  proportion  of  passen- 
gers do  not  telephone  for  service,  but  hail  a taxi  or  board 
at  a stand  — the  national  average  for  hail  and  stand 
riders  is  14  percent  of  all  trips  (Wells  and  Selover, 

1972),  while  in  some  urban  areas  the  proportion  exceeds  50 
percent.  Stand  rider ship  can  be  particularly  heavy  at 
transit  interfaces  (the  so-called  "scatter"  mode  of  DAR 
operation)  such  as  the  Long  Island  Railroad's  Hicksville 
station  and  Washington's  Union  Station. 

Taxi  companies  currently  operating  in  a shared-ride 
mode  find  hail  stops  difficult  to  accommodate  with  manual 
dispatching  and  feel  that  it  is  important  that  the  CCS 
incorporate  this  capability  (ITA  Orlando  Conference, 

January  1977 ) . 
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The  computer  has  no  prior  knowledge  of  hail-stop 
passengers  and  cannot  make  vehicle  assignments.  The  taxi 
driver  must,  therefore,  be  informed  by  the  computer  of  the 
desirable  direction  and/or  destination  of  potential  passen- 
gers so  that  the  driver  (rather  than  the  computer)  can 
select  passengers  going  in  the  correct  direction.  Where 
legally  permitted,  the  driver  can  display  the  destination 
information  by  roof  signs  (or  by  window  sign  if  it  is  not  a 
safety  hazard) , thereby  permitting  passengers  to  identify 
an  appropriate  taxi  before  hailing  it.  After  an  initial 
period  of  marketing,  the  taxi-riding  public  will  become 
accustomed  to  the  signs  as  they  have  to  destination  signs 
displayed  on  buses. 

When  the  driver  picks  up  a passenger  not  previously 
known  to  the  computer,  the  driver  must  advise  the  computer 
of  the  passenger's  destination  zone  or  address.  Usually, 
the  driver  will  not  be  skilled  in  the  use  of  a keyboard, 
and  a full  keyboard  will  not  necessarily  be  installed  in 
the  taxi;  therefore,  a simple  zone  reference  is  most  appro- 
priate . 

3.3.3  Organizational  Requirements 

Some  taxi  companies  have  determined  that  it  is  advanta- 
geous for  the  drivers  to  be  independent  contractors  rather 
than  employees.  As  independent  contractors,  the  drivers 
either  lease  the  taxis  from  the  company  or  own  their  own 
taxis . 

Taxi  companies  claim  several  benefits  for  the  indepen- 
dent-contractor  arrangement.  First,  all  revenues  are  the 
property  of  the  driver,  so  the  revenue  theft  problem  exper- 
ienced in  employee-driver  organizations  is  eliminated. 

Next,  the  driver  is  responsible  for  payroll  taxes  and 
Workers'  Compensation  payments,  which  in  many  states  now 
amount  to  between  15-  and  20-percent  overhead  on  direct 
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labor.  The  drivers  tend  to  obtain  better  vehicle  utiliza- 
tion, often  by  teaming  with  other  drivers.  Finally,  many 
taxi  companies  have  found  that  the  independent  contractor 
has  more  pride  in  performance  and  responds  better  to  the 
public  need  (ITA  Orlando  Conference,  January  1977). 

Clearly,  the  CCS  must  take  into  account  the  prerequisites 
necessary  for  drivers  to  qualify  as  independent  contractors. 

There  are  no  uniform  rulings  by  the  Internal  Revenue 
Service  (IRS)  and  various  Worker's  Compensation  (WC)  boards 
which  clearly  define  the  specific  circumstances  under  which 
a driver  is  an  independent  contractor.  The  key  issue  is 
the  character  of  the  control  over  the  driver's  work.  In 
general  (and  oversimplifying  a complex  issue  which  is 
beyond  the  scope  of  this  work) , the  independent  contractors 
must  have  full  control  over  their  work;  otherwise,  they 
will  be  reclassified  as  employees  and  the  taxi  company  will 
be  liable  retroactively  for  all  payroll  taxes  — failure  to 
pay  these  taxes  is  a criminal  offense,  and  the  key  officers 
of  the  company  are  personally  liable  for  the  full  amount. 

To  qualify  as  independent  contractors,  for  example,  drivers 
must  set  their  own  hours  of  work  and  must  be  able  to  accept 
or  reject  any  assignment  offered  to  them.  These  capabili- 
ties should  be  incorporated  into  the  CCS.  When  the  CCS  is 
sufficiently  well  defined,  pre-approval  for  the  driver  to 
be  classified  as  independent  contractors  should  be  sought 
from  the  IRS  and  WC  board. 

3.3.4  Service  Reliability  Requirements 

Reliability  of  service  is  a critical  issue  for  SRT. 
Whereas,  in  ERT  a specific  taxi  will  generally  be  available 
to  service  a specific  customer  at  a specific  time,  in  SRT 
the  tours  for  each  taxi  are  continually  being  changed  to 
accommodate  new  requests.  Consequently,  the  reliability  of 
service  to  a specific  customer  is  potentially  lower  in  SRT 
than  in  ERT,  and  consideration  must  be  given  to  minimizing 
this  effect. 


-29- 


To  the  passenger,  the  key  perception  of  reliability  is 
how  close  the  taxi  comes  to  meeting  the  service  that  was 
promised.  This  perceived  reliability  can  be  greatly  im- 
proved by  incorporating  an  automatic  telephone  message 
subsystem  that  revises  the  service  promises  as  required  by 
the  operational  situation. 

In  this  subsystem,  the  CCS  initiates  a telephone 
message  (prerecorded  on  a set  of  tapes)  to  a passenger 
whenever  there  is  a significant  change  to  the  promised 
service  and  also  whenever  the  taxi  is,  for  example,  two 
minutes  away.  The  CCS  must  also  accommodate  situations 
where  the  passenger  does  not  want  to  be  called  back,  where 
the  passenger's  phone  is  busy  or  not  answered,  and  where 
the  passenger  wants  to  speak  to  a human. 

3.3.5  Problem  Passenger  Requirements 

When  a public  regulatory  body  considers  a requested 
change  from  ERT  to  SRT , one  of  the  principal  and  most  vocal 
issues  is  how  SRT  will  control  or  avoid  problem  passengers. 
Because  SRT  is  a public  transit  service  and  because  of 
civil  rights,  a reasonable  policy  (Smart,  private  communica- 
tion, May  1977)  is  that  if  service  is  denied  to  anyone, 
legally-adequate  documentation  should  be  put  on  file.  In 
existing  SRT  operations  the  normal  procedure  is  to  place 
problem  passengers  in  the  front  seat  or  to  handle  them  with 
ERT  service.  This  may  solve  the  legal  and  civil  rights 
problems  of  not  refusing  service  to  anyone,  while  minimizing 
inconvenience  to  other  passengers. 

The  CCS  should  provide  the  capability  to  assist  the 
staff  in  identifying  potential  problem  passengers  (though 
all  the  legal  ramifications  are  beyond  the  scope  of  this 
work,  and  the  operator  may  choose  not  to  use  all  of  the 
features  in  this  area) . The  address  file  should  contain  a 
code  to  identify  locations  where  problem  passengers  have 
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previously  come  from  or  gone  to.  The  type  of  problem 
should  be  coded  so  that  an  appropriate  automatic  recommended- 
action  message  will  be  presented  to  the  telephonist  and 
also  to  the  driver  (without  mentioning  a specific  name  or 
making  any  accusation) . 

3.3.6  Effectiveness  Monitoring  Requirements 

The  key  effectiveness  measure  used  in  DAR  is  passengers 
per  vehicle-hour,  while  in  ERT  it  is  revenues  per  mile. 
Neither  of  these  is  suitable  for  SRT,  and  a new  criterion 
must  be  used:  passenger-miles  per  driver-hour  where  the 
miles  are  the  shortest-route  miles  for  each  passenger. 

Other  important  measures  that  must  be  incorporated  in 
the  CCS  are  percentage  of  no-shows,  wait  and  ride  time, 
root-mean-square  of  promised  vs.  actual  pickup  time.  These 
measures  should  be  continuously  monitored  and  show  informa- 
tion based  on  time  intervals  not  exceeding  one  hour. 

3.3.7  Credit  Requirements 

In  fulfilling  its  AWDRT  role,  SRT  should  accommodate 
user-side  subsidies  and  credit  passengers.  A file  of 
customers  who  are  authorized  to  receive  credit  trips  should 
be  established,  along  with  the  agency  or  person  responsible 
for  payment,  their  credit  standing,  and  their  limit. 

When  a credit  passenger  utilizes  the  service,  his/her 
credit  must  be  checked  and  an  invoice  number  generated. 

The  driver  will  be  required  to  get  a signed  receipt  identi- 
fied by  the  invoice  number.  A tabulation  of  invoices  for 
billing  purposes  must  be  generated  periodically  by  the  CCS, 
and  traceability  to  the  signed  receipt  must  be  auditable. 


-31-/-32- 


APPENDIX  A 


BIBLIOGRAPHY 


Papers,  Reports,  and  Publications 

Altshuler,  A.  "The  Federal  Government  and  Paratransit , " 

Paratransit , Special  Report  164,  Transportation  Research 
Board,  p.  89-104. 

American  Public  Transit  Association,  Task  Force  on  Paratransit, 
"Paratransit  in  the  Family  of  Transit  Services,"  Transit 
Journal , Vol.  2,  No.  2 (May  1976) , p.  5-26. 

American  Public  Transit  Association,  Transit  Facts.  Washington 
DC  (annual) . 

Andrews,  B.  "Taxi  Stands,"  Traffic  Engineering,  Vol.  28,  No.  2 
(Nov.  1957),  p.  46-47. 

Arrillaga,  B.,  and  Mouchahoir,  G.E.  Demand-Responsive  Transpor- 
tation System  Planning  Guideline.  The  MITRE  Corp. , McLean 
VA,  Report  No.  UMTA-VA-06-0012-74-6 , Apr.  1974.  (PB  232  970) 

Atkinson,  W.G.  "The  Impact  of  Dial-A-Bus  on  Regina,"  Paper  pre- 
sented to  Fourth  Annual  International  Conference  on  Demand- 
Responsive  Transportation  Systems,  Highway  Research  Board, 
Rochester  NY,  Oct.  1973. 

Atkinson,  W.G.  "Regina's  Telebus  is  Meeting  People's  Needs, 

Building  Transit  Confidence  and  Saving  Money, " Traffic 
Engineering , Jan.  1974. 

Batchelder,  et  al.  "Operational  Implications  of  a Major  Modal 

Diversion  to  Transit,"  Multisystems,  Inc.,  for  U.S.  Depart- 
ment of  Transportation/OS,  Apr.  1976. 

Bautz,  J . A . "UMTA's  Current  Involvement  with  the  Taxicab  Industry," 
Taxicab  Management,  Feb.  1977,  p.  11-13. 

Barbera,  K.G.  "Introduction  to  the  City  of  Boston  Taxicab 

Industry,"  Traffic  Quarterly,  Vol.  26,  No.  2 (Apr.  1972), 
p.  277-288. 

Bechtel,  Inc.  Evaluation  of  Systems  Design  for  Arterial/Per- 
sonal Transit  Service.  Reports  1 and  2.  Done  for  Santa 
Clara  County  Transit  District,  Santa  Clara  CA;  San 
Francisco  CA,  1975. 


-33- 


Bhat,  K.U.  "A  Controlled  Transportation  Queueing  Process," 

Management  Science,  Vol.  16,  No.  7 (Mar.  1970),  p.  446-452. 


Billheimer,  J.W.,  Bullemer,  R.  and  Holoszjc,  M.  Deployment 

Scenarios  for  Integrated  Regional  Transportation  Networks, 
Report  prepared  by  SYSTAN,  Inc.,  for  the  U.S.  Department 
of  Transportation,  Office  of  Research  and  Development 
Policy,  Los  Altos  CA,  1976. 

Black,  W.R.  "The  Impact  of  Transit  Subsidy  on  the  Taxi  Industry," 
Traffic  Quarterly,  Vol.  28,  No.  4 (Oct.  1974),  p.  619-633. 

Brandon,  C.J.  UMTA  Dial-A-Ride  (PAR)  Computer  Control  System: 

Software  Documentation.  Transportation  Systems  Center,  U.S. 
Department  of  Transportation,  Mar.  1976,  Revised  July  1976. 

Brooks,  S.  Human  Services  and  Public  Transportation:  Research 

and  Development  Needs  for  the  70' s.  Atlanta  GA,  U.S. 

Department  of  Health,  Education  and  Welfare,  Mar.  1976. 

Brown,  T. A.  Economic  Analysis  of  the  Taxicab  Industry  In 

Pennsylvania:  Demand  and  Cost.  Pennsylvania  State  Univer- 

sity, College  Park  PA,  Report  No.  DOT-TSC-75 . 5 , Aug.  1973. 

Brush,  B.C.,  and  Abe,  M. A.  Equilibrium  in  a Taxicab  Market  and 

the  Goals  of  Regulation.  Department  of  Economics,  Marquette 
University,  Milwaukee  WI , Mar.  1974. 

Busath,  K.  Characteristics  of  the  California  Taxicab  Industry, 

Sacramento  CA:  California  Taxicab  Owners  Association,  1975. 

California,  State  Transportation  Board.  California  Transportation 
Plan:  Recommended  Statewide  Goals,  Policies,  and  Objectives. 

Sacramento  CA,  1977. 

California  State  Assembly,  Office  of  Research.  A Model  Ordinance 

on  Paratransit  Services.  AOR  No.  23,  Sacramento  CA,  Sep.  1976. 

Carlson,  R.C.,  "Anatomy  of  a Systems  Failure:  Dial-A-Ride  in 

Santa  Clara  County,  California,"  Transportation , Vol.  5,  No.  1 
(Mar.  1976) , p.  3-16. 

Canada,  Ministry  of  Transport,  Transportation  Development  Agency. 
Para-Transit  Dispatch  Systems.  Feb.  1976. 

Corradino,  J.C.,  and  Schimpeler,  C.C.  "Synthesizing  Taxicab 
Improvements,"  Transportation  Engineering,  Vol.  102, 

No.  TE4  (1976),  p.  793-804. 


-34- 


Crain,  J.L.,  and  Fitzgerald,  P.E.  Evaluation  Plan:  Taxi-Discount 

Demonstration  Project,  Danville  IL,  Menlo  Park  CA: 
Bigelow-Crain  Assoc.,  1975. 

Cutler,  D.  "Interagency  Cooperation:  A Federal  Perspective" 

in : D.J.  McKelvey  (Ed.),  Proceedings  from  the  First 

National  Conference  on  Rural  Public  Transportation,  North 
Carolina,  A & T State  University,  Greensboro  NC,  1976. 

DAVE  Systems,  Inc.  Dial-A-Ride  Expansion  Plan  for  Orange 

County,  California.  Prepared  for  Orange  County  Transit 
District,  Santa  Ana  CA,  1974. 

Davidson,  J.  "A  Unique  Dispatch  System,"  Paper  prepared  for 
the  Second  Annual  Conference  on  Cost  Reduction  Systems 
for  Traffic  and  Transportation,  Rochester  NY,  1973. 

Davidson,  J.H.  "Computer  Assisted  Vehicle  Dispatching," 

Taxicab  Management,  Vol.  24,  No.  7 (July  1976),  p.  6+. 

Davis,  F.W.  The  Brokerage  Approach  to  Public  Transportation. 

Transportation  Center,  University  of  Tennessee,  Knoxville  TN , 
TC-76-017,  May  1976. 

Davis,  F.W.,  Heathington,  K.W. , et  al . Economic  Characteristics 
of  Privately  Owned  Shared-Ride  Taxi  Systems.  Knoxville  TN : 
Tennessee  University,  Transportation  Center.  UMTA  Report 
No.  UMTA-TN-06-0004-74-2,  Oct.  1974.  (PB  245104) 

De  Bono,  E.  New  Think.  New  York:  Avon  Books,  1971. 

"Dial-A-Bus  Manual,"  Transport  Canada  Development,  Vols.  I & 

II,  Mar.  1974. 

Douglas,  G.  W.  "Price  Regulation  and  Optimal  Service  Standards: 
The  Taxicab  Industry,"  Journal  of  Transport  Economics  and 
Policy  (May  1972) , p.  116+. 

Eckert,  R.D.  "Regulatory  Commission  Behavior:  Taxi  Franchising 

in  Los  Angeles  and  Other  Cities."  UCLA  Ph.D.  Thesis. 

Ann  Arbor  MI:  University  Microfilms,  1968. 

Federal  Register,  Vol.  41,  No.  204,  Oct.  20,  1976. 

Ferrantino,  J.R.  Dial-A-Ride  Software  Installation  Guide. 

The  MITRE  Corp. , McLean  VA,  MTR-7211,  Sep.  1976. 


-35- 


Fielding,  G.J.  "Demand-Responsive  Transit:  An  Overview  of 

Integrated  Systems,"  Paratransit , Special  Report  164, 
Transportation  Research  Board,  1976,  p.  45-54. 

Fielding,  G.J.,  Blankenship,  D.P.,  and  Tardiff,  T.J.  "Consumer 
Attitudes  Towards  Public  Transit,"  Transportation  Research 
Board  Record,  No.  563,  1976,  p.  22-28. 

Fielding,  G.J.,  and  Shilling,  D.R.  "Dial-A-Ride : An  Opportunity 

for  Managerial  Control,"  Transportation  Research  Board,  . 
Special  Report,  No.  147,  1974,  p.  69-77. 

First  Data  Corporation.  Dial-A-Ride  Operator's  Handbook  and 
Reference  Manual.  Version  2.0,  Boston  MA,  Sep.  1975. 

Flusberg,  M. , and  Wilson,  N.H.M.  "A  Descriptive  Supply  Model 
For  Demand-Responsive  Transportation  System  Planning," 
prepared  for  the  Transportation  Research  Forum,  Mar.  22, 
1976. 

Frappier,  R.J.  Taxi  Survey  Report  for  the  1971-72  Rhode 

Island  Origin  Destination  Update  Study.  Rhode  Island 
Statewide  Planning  Program,  Technical  Report  No.  50, 
Providence  RI , Feb.  1975. 

Freeman,  P.  "Towards  Improved  Review  of  Software  Designs," 

Paper  prepared  for  the  National  Computer  Conference,  1975. 

Gallagher,  R.V.  "Taxicabs  in  Multimode  Paratransit  Operations," 
Paratransit , Special  Report  164,  Transportation  Research 
Board,  1976,  p.  31-34. 

General  Research  Corporation.  Systems  Analysis  of  Urban 

Transportation:  Volume  4:  Supporting  Analysis.  Santa 

Barbara  CA,  Jan.  1968.  (PB  178  264) 

Gerrard,  M.J.  "Comparison  of  Taxi  and  Dial-A-Bus  Service," 

Transportation  Science,  Vol.  8,  No.  2 (May  1974) , p.  83+. 

Ghahraman,  P. , et  al.  "Analysis  of  Metered  Taxi  Fares,"  Trans- 
portation Engineering  Journal,  Nov.  1975. 

Gilbert,  G.  Taxicab  User  Characteristics  in  Small  and  Medium- 

Size  Cities.  University  of  North  Carolina,  Chapel  Hill  NC, 
Report  No.  UMTA-NC-11-0003 , Jan.  1976. 

Guenther,  K.W.  "Report  on  Demand-Responsive  Transportation  in 
Ann  Arbor,"  Transportation  Research  Board  55th  Annual 
Meeting,  Jan.  1975. 


-36- 


Harjo,  B.F.  Management  Report  for  January  1977.  City  of 
Fairfield  CA,  Feb.  1977. 

Hart,  P.0.  Taxi  Transportation  in  Washington  D.C.  Urban 
Transportation  Center,  June  1971. 

Hartgen,  D.T.,  and  Keck,  C.A.  "Forecasting  Dial-A-Bus  Ridership 
in  Small  Urban  Areas,"  Transportation  Research  Board,  54th 
Annual  Meeting,  Jan.  1975. 

Heathington,  K.W. , et  al.  An  Organizational  and  Environmental 
Review  of  Two  Privately  Owned  Shared  Ride  Taxi  Systems. 
Knoxville,  Tennessee:  Tennessee  University,  Knoxville  TN 

Transportation  Center.  UMTA  Report  No.  UMTA-TN-06-0004-74-2 , 
Oct.  1974.  (PB  245  103) 

Heathington,  K.W. , et  al.  An  Analysis  of  Two  Privately  Owned 

Shared-Ride  Taxi  Systems:  Executive  Summary.  Knoxville  TN: 

Transportation  Center.  UMTA  Report  No.  UMTA-TM-06-0004-75-2 , 
Apr.  1975.  (PB  245  106) 

Houghton,  J.  "Taxicab  Operation  in  London,"  Traffic  Quarterly, 
Vol.  14,  No.  1 (Jan.  1960),  p.  102-112. 

Howson,  L.L.,  and  Heathington,  K.W.  "Algorithms  for  Routing 

and  Scheduling  in  Demand-Responsive  Transportation  Systems," 
Highway  Research  Record,  No.  318  (1970) , p.  40-49. 

International  Taxicab  Association.  A Compendium  Of  Provisions 
For  A Model  Ordinance  For  The  Regulation  Of  Public  Para- 
Transit.  UMTA-IL-06-0029-76-1 , Feb.  1976.  (PB  253  182). 

International  Taxicab  Association.  "Fact  Sheet  on  Taxicab 
Operations  in  the  United  States." 

International  Taxicab  Association.  "Taxicab  Fact  Sheet,"  Taxicab 
Management,  Oct.  1973. 

John  Hamburg  and  Associates.  The  Analysis  of  1968,  & Fore- 
casting and  Distribution  of  1980  and  1992  Taxi  Trips  in 
the  Washington  Metropolitan  Area.  Report  prepared  for 
the  Metropolitan  Washington  Council  of  Governments, 

Bethesda  MD,  1974. 

John  Crain  and  Associates.  Transportation  for  Seniors  and 

Handicapped  Persons  in  St.  Louis.  Menlo  Park  CA,  1973. 


-37- 


Josef  Kates  Associates,  Inc.  Para-Transit  Dispatch  Systems. 

Jan.  1975.  ' 

Kemp,  M.A.  "Some  Evidences  of  Transit  Demand  Elasticities," 
Transportation  (1973) , p.  25+. 

Kirby,  R.F.  Implementing  Shared  Taxi-Cab  Services:  A Case 

Study  in  Arlington,  Va.  Washington  DC:  The  Urban 

Institute,  1975,  UI-52021-10. 

Kirby,  R.F.,  Bhatt,  K.U.,  Kemp,  M.A. , McGillivray,  R.G.,  and 
Wohl , M.  Para-Transit,  Neglected  Options  for  Urban 
Mobility.  The  Urban  Institute,  Washington  DC,  1975. 

Kirby  R.F. , and  Miller,  G.K.  "Some  Promising  Innovations  in 

Taxicab  Operations,"  Transportation , Vol . 4,  No.  4 (1975), 
UI-171-4800-8-4,  p.  369-402. 

Lax,  J.  "Dial-A-Ride  Project  in  Ann  Arbor:  Legality,"  Highway 

Research  Board,  Special  Report  136,  1973,  p.  68-74. 

Lee,  L.H.  "The  Use  of  a Minicomputer  for  On-Line  Control  of  a 
Taxi  Fleet,"  IEEE  Transactions  on  Vehicular  Technology, 

Vol.  VT-23 , No.  3 (Aug.  1974),  p.  83-91. 

Lerman,  S.R.,  and  Wilson,  N.H.M.  "An  Analytic  Model  for  Predicting 
Dial-A-Ride  System  Performance,"  Massachusetts  Institute  of 
Technology,  Oct.  1973. 

Lieb,  R.C.  Labor  in  the  Transit  Industry.  Northeastern 

University  report  for  U.S.  Department  of  Transportation, 

Office  of  Transportation  Systems  Analysis  and  Information, 

May  1976. 

Los  Angeles  Regional  Transportation  Study  (LARTS) , Trips  in 

Motion , California  Transportation  Agency,  Los  Angeles  CA, 

1975,  TR/4 . 

Luckard,  K.G.  Description  of  the  Functions  of  Automated 

Demand-Responsive  Public  Transportation.  The  MITRE  Corp. , 
McLean  VA,  Report  No.  UMTA-VA-06-0012-74-15 , Nov.  1974. 

McAdoo,  G.H.  "Dispatching  Control  and  Automation:  Computer 

Controlled  verses  (sic)  Computed  Aided."  Paper  presented 
at  the  Sixth  International  Conference  on  Demand-Responsive 
Transportation  Systems  and  Other  Paratransit  Services,  1975. 

McLeod,  M.  The  Operation  and  Performance  of  a Taxi  Fleet. 

Thesis.  Massachusetts  Institute  of  Technology,  Depart- 
ment of  Civil  Engineering,  Sep.  1972. 


-38- 


Maring,  G.  Highway  Travel  Forecasts.  United  States  Department 

of  Transportation,  Federal  Highway  Administration,  Nov.  1974. 

Martin,  J.  Design  of  Man-Computer  Dialogues,  Prentice  Hall,  1973. 

Mason,  F.J.,  and  Mumford,  J.R.  "Computer  Models  for  Designing 
Dial-A-Ride  Systems,"  Society  of  Automotive  Engineers, 

Automotive  Engineering  Congress,  Jan.  1972. 

Mautner,  A.J.  "Demand-Responsive  Taxi  Systems:  New  York  City 

Experience,"  Traffic  Quarterly,  Vol.  28,  No.  3 (July  1974), 
p.  453-465. 

McGoldrick,  J.A.  Management  Report  for  February  1977.  City  of 
Turlock  CA,  Mar.  1977. 

Medville,  D.  and  Arrillaga,  B.  The  Haddonfield  Dial-A-Ride 

Demonstration:  Demographic,  System  and  User  Characteristics. 

The  MITRE  Corp. , Washington  DC,  Report  No.  UMTA-VA-06-0012-74-4 , 
Mar.  1974. 

Metropolitan , May/June  1976. 

Meyer,  R.F . and  Wolfe,  H.B.  "The  Organization  and  Operation  of 
a Taxi  Fleet,"  Naval  Research  and  Logistics  Quarterly, 

Vol.  8,  No.  2 (June  1961),  p.  137-150. 

Middendorf,  D.P.,  et  al.  An  Analysis  of  the  Demand  for  Bus  and 

Shared-Ride  Taxi  Service  in  Two  Smaller  Urban  Areas.  University 
of  Tennessee,  Knoxville  TN,  UMTA  Report  No.  UMTA-TN-06-0004-75-1 , 
May  1975. 

MITRE  Corporation.  Dial-A-Ride  Terminal  User's  Notebook.  McLean  VA, 
Feb.  1974. 

MITRE  Corporation  and  New  Jersey  Department  of  Transportation. 
Operating  Procedures  Manual  for  an  Automated  Scheduling 
System  for  Demand-Responsive  Public  Transportation. 

UMTA-N J-06-0002-74-6 , Oct.  1974,  McLean  VA.  (PB  248  569) 

Mouchahoir,  G.E.  Fare  Policy  of  the  Haddonfield  Dial-A-Ride 

Demonstration.  The  MITRE  Corp.,  McLean  VA,  Report  No.  M74-112, 
Nov.  1974. 

Mouchahoir,  G.E.  Summary  Evaluation  of  the  Haddonfield  Dial- 
A-Ride  Demonstration.  The  MITRE  Corp. , McLean  VA,  Report 
No.  UMTA-VA-06-0012-75-3,  May  1975. 

National  Personal  Transportation  Study,  Federal  Highway  Adminis- 
tration (unpublished  P-5  series  tables) . 


-39- 


New  York  Regional  Plan  Association.  "Where  Transit  Works." 

Regional  Plan  News,  No.  99,  1976,  p.6. 

Northwestern  University,  The  Transportation  Center.  The 
Operation  and  Regulation  of  Taxicabs  in  the  City  of 
Chicago.  Mar.  1958. 

Orr,  D.  "The  Taxicab  Problem:  A Proposed  Solution,"  Journal 

of  Political  Economy,  Vol.  77,  No.  1 (Jan. -Feb.  1969), 
p.  141-147. 

Orski,  C.K.  "Paratrans.lt:  The  Coming  of  Age  of  a Transporta- 

tion Concept,"  in  Paratransit , Special  Report  164, 
Transportation  Research  Board,  1976,  p.  21-26. 

Paratransit . Washington  DC:  Transportation  Research  Board, 

Special  Report  164,  1976. 

Parnas,  D.L. , "On  the  Criteria  to  be  Used  in  Decomposing  Sys- 
tems Into  Modules,"  Communications  of  the  Association  for 
Computing  Machinery,  Dec.  1972. 

Pollard,  J. , Hiatt,  D. , and  Rubin,  D.  A Summary  of  Opportunities 
to  Conserve  Transportation  Energy.  Transportation  Systems 
Center,  Cambridge  MA,  DOT-TSC-OST-75-22 , June  1975. 

Pott,  James  T.  "Arterial/Personal  Transit:  Santa  Clara 

County  Integrated  Transit  Service."  Paper  presented  at 
the  Sixth  International  Conference  on  Demand-Responsive 
Transportation  Systems,  Washington  DC,  1976. 

Potter,  B.  "Ann  Arbor's  Dispatching  System,"  Paper  presented  at 

the  Sixth  International  Conference  on  Demand-Responsive  Trans- 
portation Systems  and  other  Paratransit  Service,  Mar.  1976. 

Psathas,  A.,  and  Henslin,  J.M.  "Dispatched  Orders  and  the  Cab 
Driver:  A Study  of  Locating  Activities,"  Social  Problems, 

Spring  1967,  p.  424-443. 

RRC  International,  Inc.  Valley  Transit  District  Operations, 

Fare  System  and  Vehicle  Design,  Latham  NY,  UMTA-CT-06-0003- 
75-1,  Sep.  1975. 

Raltien,  S.,  and  Duckott,  E.J.  The  Pittsburgh  Taxicab  Study 
1970 . University  of  Pittsburgh,  Feb.  1971. 


-40- 


Rebibo,  K.K.,  Scott,  R.L.,  Ferrantino,  J.R.,  Hartzler,  R.E.,  and 

Klopfenstein,  R.C.  Summary  of  an  Automated  Scheduling  System 
for  Demand  Responsive  Public  Transportation.  The  MITRE 
Corp. , Washington  DC,  Report  No.  UMTA-VA-06-0012-74-2 , Mar. 
1974.  (PB  232  419) 

"Redirect  Transit  Priorities  to  Smaller  Vehicles,  Shorter 
Trips,"  Citizen  League  News,  Jan.  1974. 

Remak,  R. , Krzyczkowski , R. , and  Henneman,  S.  Economics  of 
Jitney  Service.  Interim  Technical  Report.  Interplan 
Corp.,  Santa  Barbara  CA,  Apr.  1974. 

Remak,  R.  Potential  for  Flexicab  Services:  Innovative  Uses  of 

Taxis  and  Jitneys  for  Public  Transportation.  U.S.  Depart- 
ment of  Transportation,  Report  No.  DOT-TSC-OST-75-52 , 

Dec.  1975.  (PB  248  783) 

Roos,  D.  "Institutional  Changes  Needed  to  Foster  the  Develop- 
ment of  Paratransit, " in  Paratransit , Special  Report  164, 
Transportation  Research  Board,  1976,  p.  105-113. 

Rosenbloom,  S.  "Characteristics  of  Taxicab  Supply  and  Demand 
In  Selected  Metropolitan  Areas,"  contained  in.:  Systems 

Analysis  of  Urban  Transportation  - Volume  48 : Supporting 

Analyses . General  Research  Corp.,  Santa  Barbara  CA.  Report, 
Jan.  1968,  (PB  178  264). 

Schreiber,  C.  "The  Economic  Reasons  for  Price  and  Entry  Regu- 
lation of  Taxicabs, " Journal  of  Transport  Economics  and 
Policy,  Vol.  9,  No.  3 (Sep.  1975) , p.  268-279. 

Serviss,  R.M.  Final  Report  on  Fairfield  DART  Operations, 

August  1975  - June  1976.  DAVE  Systems,  Inc.,  Anaheim  CA, 

Sep.  1976. 

Sobel,  K.L.,  and  Batchelder,  J.H.  "A  Strategy  for  Implementing 
Integrated  Regional  Transit. " Paper  presented  at  56th 
Annual  Meeting,  Transportation  Research  Board,  Jan.  1977. 

Soler,  L.G.  "A  Study  on  Taxicab  Stands,"  Traffic  Engineering, 

Vol.  20,  No.  2 (Nov.  1949) , p.  80-82+. 

Stokes,  B.R.  "Paratransit:  Some  Preliminary  Observations  from 

the  Transit  Industry,"  in  Paratransit , Special  Report  164, 
Transportation  Research  Board,  1976,  p.  27-30. 

Taxicab  Management,  Vol.  24,  No.  10  (Oct.  1976) . 


-41- 


Thurlow,  V.S. , and  Winchester,  S.  Data  Base  Design  for  Demand- 
Responsive  Transit.  The  MITRE  Corp. , McLean  VA,  Report 
No.  MTR-7254,  July  1976. 

Tung,  A.,  and  Bauman,  D.M.B.  A Multi-Origin/Destination 

Taxi  System,  Pittsburgh,  Pa. , Carnegie-Mellon  University, 
Pittsburgh  PA,  Report  prepared  for  the  U.S.  Department  of 
Transportation,  Office  of  University  Research,  (DOT-TST-76-84) 
Washington  DC,  Vol.  1,  1975. 

Turvey,  R.  "Some  Economic  Features  of  the  London  Cab  Trade," 

The  Economic  Journal , Vol.  71  (Mar.  1961) , p.  79-92. 

U.S.  Department  of  Transportation,  Federal  Highway  Administration. 
Nationwide  Personal  Transportation  Study:  Home-to-Work  Trips 

and  Travel . By  Ruth  H.  Asin  and  Paul  V.  Svercl.  Report  No.  8. 
Washington  DC,  Aug.  1973.  (PB  242  892) 

U.S.  Department  of  Transportation,  Assistant  Secretary  for  Policy 
and  International  Affairs,  Office  of  Systems  Analysis  and 
Information.  Economic  Characteristics  of  the  Urban  Public 
Transportation  Industry.  By  Institute  for  Defense  Analyses, 
Arlington  VA,  Feb.  1972. 

U.S.  Department  of  Transportation,  Transportation  Systems  Center. 
Demand-Responsive  Transportation:  State-of-the-Art  Overview. 

Aug.  1974. 

U.S.  Department  of  Transportation,  Energy  Resources  Council. 

The  Report  By  The  Federal  Task  Force  On  Motor  Goals  Beyond 
1980:  Volume  1:  Executive  Summary.  1976. 

U.S.  Department  of  Transportation,  Office  of  the  Secretary. 

1972  National  Transportation  Report.  July  1972. 

U.S.  Department  of  Transportation,  UMTA  Office  of  Service  and 
Methods  Demonstration.  Small  City  Transit,  El  Cajon, 

CA:  City-wide  Shared-Ride  Taxi  Service.  Report 

No.  UMTA-NA-06-004 9-76-7,  1976. 

U.S.  Department  of  Transportation.  1974  National  Transportation 
Report.  Washington  DC,  1975. 

U.S.  Department  of  Transportation.  National  Personal  Trans- 
portation and  Personal  Characteristics  of  Tripmakers, 

Report  No.  9.  FHWA,  Washington  DC,  1973. 


-42- 


U.S.  Department  of  Transportation.  Operating  Procedures  Manual 

for  Automated  Scheduling  System  for  Demand-Responsive  Public 
Transportation  (Haddonfield  Dial-A-Ride) . Report  No . 
UMTA-NJ-06-0002-74-6,  Oct.  1974. 

Urban  Mass  Transportation  Act  of  1964,  Public  Law  88-365,  78 
Stat.  302,  49  U.S.C.  1601  as  amended. 

Vanier,  D.J.  and  Trippe,  R.R.  "Demand  Theory:  As  Applications 
to  Transit,"  Transit  Journal,  Vol.  2,  No.  2 (May  1976) , 
p.  27-40. 


Voorhees,  A.M.  Orange  County  Dual  Mode  Case  Study;  Executive 
Summary  and  Planning  Analysis  Report.  A.M.  Voorhees  and 
Associates,  Inc.,  McLean  VA,  Sep.  1976. 

Voorhees,  A.M.  and  Associates.  Study  of  Future  Paratransit  Require- 
ments . Prepared  for  the  U.S.  Department  of  Transportation, 

Urban  Mass  Transportation  Administration,  Report  No.  UMTA-IT-06- 
0104-77-1,  Jan.  1977. 

Ward,  D.E.  A Theoretical  Comparison  of  Fixed  Route  Bus  and 
Flexible  Route  Subscription  Bus  Feeder  Service  in  Low- 
Density  Areas.  Transportation  Systems  Center,  Cambridge  MA. 
DOT-TSC-OST-75-2,  Mar.  1975.  (PB  240  808) 

Ward,  J. , and  Paulhaus,  N.  Suburbanization  and  Its  Implications 
For  Urban  Transportation  Systems.  U.S.  Department  of  Trans- 
portation, Office  of  the  Secretary,  Apr.  1974.  DOT-TSC-OST- 
74-19  (PB  238  775) 

Ward,  J.D.  An  Approach  to  Region-Wide  Urban  Transportation. 

Office  of  Research  and  Development  Policy,  U.S.  Depart- 
ment of  Transportation,  DOT-TST-75-108 , July  1975. 

Webster,  A.L.,  Weiner,  E. , and  Wells,  J.D.  The  Role  of  Taxi- 
cabs in  Urban  Transportation.  U.S.  Department  of  Trans- 
portation, Office  of  Transportation  Planning  Analysis, 

Dec.  1974. 

Weiner,  E.  "The  Characteristics,  Uses  and  Potentials  of  Taxi- 
cab Transportation,"  Transportation , Vol.  4,  No.  4 (1975), 
p.  351-367. 

Wells,  J.D.,  and  the  International  Taxicab  Association.  An 

Analysis  of  Taxicab  Operating  Characteristics.  Prepared 
for  the  U.S.  Department  of  Transportation,  Urban  Mass 
Transportation  Administration,  1975. 


-43- 


Westport  Transit  District.  Plan  for  a Service  and  Methods 
Demonstration  of  Integrated  Conventional  Transit  and 
Paratransit  Services,  Westport  CT,  1976. 

"Where  Transit  Works:  Urban  Density  for  Public  Transportation," 

Regional  Plan  Association,  Regional  Plan  News,  No.  99,  1976. 

"Who  Rides  Taxis,"  Tri-State  Transportation  Commission,  Feb. 

1969,  Vol . I,  No.  11. 

Wilson,  N.H.M.,  Weissberg,  R.W. , Higonnet,  B.T.,  and  Hauser,  J. 
Advanced  Dial-A-Ride  Algorithms:  Interim  Report. 

Massachusetts  Institute  of  Technology,  Report  No.  UMTA-MA- 
11-0024-75-1,  July  1975.  (PB  244  496) 

Wilson,  N.H.M.,  Weissberg,  R.W. , and  Hauser,  J.  Advanced  Dial-A- 
Ride  Algorithms:  Final  Report.  Massachusetts  Institute  of 

Technology,  Report  No.  UMTA-MA-11-0024-76-1 , Mar.  1976. 

(PB  254  752) 

Wilson,  R.J.  Evaluation  of  the  Ontario  and  Upland  Dial-A-Ride 
Programs . West  Valley  Transit  Service  Authority,  San 
Bernardino  County  CA,  June  1976. 

Wohl , M.  "The  Taxi's  Role  in  Urban  America:  Today  and  Tomorrow," 

Transportation , Vol.  4,  No.  2 (1975),  p.  143-158. 

Zachar,  J.A.  The  Urban  Taxicab  Industry  in  Wisconsin:  An 

Inventory  and  Examination  of  Regulatory  Policies.  University 
of  Wisconsin  - Milwaukee  WI , Feb.  1974. 

Zobrak,  M.J.  Public  Transportation  in  Glen  Falls,  prepared  for 
the  City  of  Glen  Falls  NY  by  DAVE  Systems,  Inc. 

Zobrak,  M.J.  "Mini-Computer  Systems  for  Dial-A-Ride,"  Paper 

prepared  for  presentation  at  the  IEEE  Computer  Conference, 
Boston  MA,  Sep.  22  - 24,  1974. 


-44- 


APPENDIX  B 


REPORT  OF  INVENTIONS 

The  work  performed  to  date  under  this  contract  indicates  that  a 
number  of  innovations  and  improvements  are  being  developed.  The  fol- 
lowing list  describes  them,  but  further  work  may  cause  additions  or 
deletions . 

1 . Graphics  Computer-Aided  Control,  paragraph  3.2.3 

This  constitutes  an  innovative  approach  to  control  of  shared-ride 
vehicles  with  potential  application  in  smaller  shared-ride  taxi  systems. 

2 . Hail  Signs,  paragraph  3.3.2 

These  are  roof  or  window  signs  that  have  been  used  in  other  appli- 
cations, but  their  introduction  into  the  taxi  industry  and  their  control 
from  a central  computer  are  innovations. 


3 .  Zonal  Matrix,  paragraph  3.3.1 

The  use  of  additive  distance,  multiplicative  speed,  and  zone  fares 
in  an  integrated  zonal  matrix  is  an  improvement  over  existing  technology 
and  solves  several  fare  collection  and  operational  problems. 


4 .  Automatic  Callback,  paragraph  3.2.7 

An  innovative  means  has  been  identified  whereby  automatic  tape- 
recorded  messages  would  be  telephoned  to  customers  who  are  waiting  for 
their  taxi.  These  messages  would  accurately  advise  the  waiting  customer 
when  the  taxi  will  arrive,  thus  reducing  anxiety  and  frustration. 
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